INTRODUCTION
============

Parathyroid hormone (PTH) is an important systemic regulator of calcium, phosphate, and active vitamin-D metabolites in human body. Amino-terminal PTH peptide fragments or analogs has been known to augment bone mass \[[@B1]\] and currently are being introduced into clinical practice as management for osteoporosis.\[[@B2][@B3]\]

Intermittent-injection recombinant human PTH (teriparatide) is the only anabolic agent approved by the U.S. Food and Drug Administration to increase bone mineral density (BMD) in osteoporotic patients. A large number of studies have reported the efficacy of teriparatide to prevent fractures in patients who have osteoporosis.\[[@B2][@B4][@B5][@B6][@B7][@B8][@B9][@B10]\] Findings from these studies have demonstrated significant increase of lumbar spine and femoral neck BMD and a lower risk of vertebral and non-vertebral fractures both in postmenopausal women and men.

Osteoporotic fractures generally occur from low-energy trauma and are common in elderly with comorbidities. Most patients with osteoporotic fractures sustained fracture site pain, impaired mobility with a large proportion failing to regain their prefracture functional status.\[[@B11][@B12]\] Delayed or imperfect recovery after these fractures can be related with poor consequences. Multiple strategies, involving biophysical (electromagnetic field or ultrasound stimulation), local (autologous bone, calcium phosphates, and growth factors) and systemic (anti-Dickkopf-related protein I and anti-sclerostin antibodies) cell-based systemic therapies have been tried to overcome these problems.\[[@B3][@B13][@B14][@B15]\]

In recent decades, there has been a great interest in using an osteoanabolic agent to promote fracture healing. In animal models, teriparatide has shown the stimulatory effect on bone formation and acceleration of fracture healing.\[[@B16][@B17][@B18]\] In some human study, it seemed to lower the risk of nonunion\[[@B19]\] and reduce healing time of atypical fractures.\[[@B20][@B21]\] However, small studies to date have directly compared the fracture healing or functional recovery in controlled studies and their answer is still controversial.

This systematic review was conducted to retrieve and summarize clinical studies on the use of teriparatide for treatment of osteoporotic fractures and, thus determine the role of teriparatide in radiographic healing and functional recovery.

METHODS
=======

1. Definition of osteoporotic fracture
--------------------------------------

Osteoporotic (fragility) fracture is defined by the World Health Organization (WHO)\[[@B22]\] as "a fracture caused by injury that would be insufficient to fracture a normal bone". Clinically a osteoporotic fracture may be defined as a fracture that occurs as a result of a minimal trauma, such as a fall from a standing height or less, or no identifiable trauma.\[[@B23]\] Reduced bone density is a major risk factor for osteoporotic fracture. However, lots of studies have demonstrated that the majorities of osteoporotic fracture occur in people who do not have osteoporosis.\[[@B24][@B25]\] Fractures caused by low-level trauma equivalent to a fall from a standing height or less at sites presented above in adults aged over 50, should be first regarded as osteoporotic.\[[@B26]\] According to National Institute for Health and Care Excellence (NICE) guideline,\[[@B27]\] osteoporotic fractures occur most commonly in the spine, hip, and distal radius, but may also occur in the humerus, pelvis, ribs, and other bones. The WHO also considers proximal humerus fractures to be one of the major osteoporotic fractures.

2. Data sources and study selection
-----------------------------------

This systematic review included clinical trials or retrospective case-controlled studies investigating the effect of teriparatide on fracture healing or functional status in osteoporotic fracture. Multiple comprehensive databases, including PubMed, EMBASE, Web of Science, and the Cochrane Library were searched for retrieving articles that were published before December, 2016. Search terms included "Fracture" \[tiab\] AND "Teriparatide \[tiab\] OR "PTH" \[tiab\]. Google Scholar was also used to screen relevant literatures. After initial research, relevant articles and their bibliographies were searched manually. Non-English language studies, standing-alone abstracts, meeting presentations, commentaries, and review articles were excluded. Articles not relevant to the use of teriparatide in fracture were also excluded. Then, the full texts of all retrieved articles were individually reviewed for inclusion. Studies were included in the systematic review if they (1) assessed variables on fracture healing of osteoporotic fracture; (2) reported variables on functional outcome after osteoporotic fracture in adults over age 50. Exclusion criteria included articles investigating studies without a control group, reporting on non-human subjects, and related with metabolic disorder except osteoporosis. This study was waived from institutional review board review because it did not involve human subjects.

RESULTS
=======

1. Identification of studies
----------------------------

A total of 87 published articles investigating the use of teriparatide in fracture were identified ([Fig. 1](#F1){ref-type="fig"}). Of these 87 studies, 46 which evaluated fracture healing on non-human subjects were excluded. One excluded because their fractures occurred from high energy trauma. Twenty case reports and 7 case series, which were considered to have substantial limitation to establish evidence, were also excluded. Finally, 11 studies met the inclusion criteria in this systematic review. The detailed information of these articles is summarized in [Table 1](#T1){ref-type="table"}.

2. Characteristics of the included studies
------------------------------------------

Of these 11 articles, 4 were retrospective controlled series, 6 were assessed as being of high quality randomized clinical trials (RCTs), and 1 was retrospective post hoc subgroup analysis. Fracture location was 2 in pelvis, 3 in proximal femur, 1 in distal femur, 1 in shoulder, 2 in wrist and 2 in spine. Used regimen of the patient group was teriparatide in all studies except 1 (PTH 1-84) and that of the control group was placebo in 8 studies and risedronate in 3. Calcium plus vitamin D was supplemented in 8 studies.

3. Detailed description of the included studies
-----------------------------------------------

Teriparatide was injected subcutaneously in a dosage of 20 µg once daily in all of studies except 1. Aspenberg et al. \[[@B28]\] tested the hypothesis that teriparatide 40 µg would shorten the time to cortical bridging in distal radial fractures, but this hypothesis was not supported. Treatment period of teriparatide ranged from 4 weeks to11 months. In 1 study evaluating pubic bone fractures, PTH 1-84 continued for 24 months after the fractures had healed. Fracture healing was evaluated using plain radiographs from 1 week to 12 months after injury with an interval of 2 to 10 weeks. Computed tomography was performed in 2 studies. In 4 of 11 included studies, teriparatide was injected after surgical fixation, of which location was pertrochanteric in 2, neck of the femur 1, and distal femur in 1.

### 1) Fracture healing

The healing rate of pelvis fractures was significantly higher in the teriparatide treatment group, comparing to the control group (pubis; 100% vs. 9.1%, *P*\<0.001 and sacrum; 100% vs. 20%, *P*\<0.001) 8 weeks after trauma ([Table 2](#T2){ref-type="table"}).\[[@B8][@B29]\] However, the healing rate in pertrochanteric or neck fractures of the femur did not show significant differences between the groups 3, 6, and 12 months after surgery.\[[@B30][@B31]\] Time to union was significantly shorter in the pubis (7.8 weeks vs. 12.6 weeks, *P*\<0.001) and in the distal femur (28.7 weeks vs. 41.9 weeks, *P*=0.001), but was controversial in pertrochanteric femur.\[[@B8][@B32]\] In distal radius fractures, the healing time was significantly different between the teriparatide (20 µg) and the placebo groups (7.4 weeks vs. 9.1 weeks, *P*=0.01), but not different between the teriparatide (40 µg) and the placebo groups (8.8 weeks vs. 9.1 weeks, *P*=0.52).\[[@B28]\]

### 2) Functional recovery

Visual analog scale (VAS) of pain was significantly reduced in the teriparatide group, comparing to the control group in pelvis and pertrochanteric femur.\[[@B8][@B29][@B30][@B33]\] However, the VAS pain score did not show significant differences between the groups in fractures of neck of the femur, proximal humerus, and distal radius.\[[@B28][@B31][@B34]\] In spine fractures, teriparatide showed various effects on pain relief per weeks after trauma.\[[@B35][@B36]\] Physical performances including Timed Up-and-Go (TUG) test and time to mobilization were significantly improved in the teriparatide group with fractures of the pelvis and pertrochanteric femur\[[@B29][@B30][@B31][@B33]\] but, other function scores such as disabilities of the arm, shoulder, and hand (DASH) and grip strength revealed no differences in fractures of proximal humerus and distal radius after teriparatide injection.\[[@B28][@B34]\]

### 3) Outcomes in relation with fracture site

In pelvic bone, all of the 2 studies concluded that the mean time to fracture healing was significantly shorter in the PTH treatment group.\[[@B8][@B29]\] The mean time to mobilization was also found to be reduced in the treatment group. In 2 studies with pertrochanteric fractures,\[[@B30][@B33]\] teriparatide was associated with less pain and a shorter time to functional recovery. With regard to the radiographic healing, one study reported that there was a significant difference between the teriparatide-treated group and the placebo group but the other study reported no difference between the teriparatide-treated group and the risedronate-treated group. In a randomized placebo-controlled trial on femoral neck fracture, teriparatide did not seem to improve radiographic signs of fracture healing or decrease pain compared with the placebo.\[[@B31]\] In comminuted distal femur fractures in elderly, teriparatide was effective in bridging callus formation and bone union.\[[@B32]\]

In upper-extremities, 2 well-designed clinical trials were identified. One study focusing on proximal humerus fractures showed that teriparatide did not enhance fracture healing and not decrease pain scale at early recovery period within 3 months.\[[@B34]\] In contrast, the other study on distal radius fractures revealed that teriparatide (20 µg) shortened the time of healing and their post hoc subgroup analysis showed a positive dose-related effect on early callus formation.\[[@B28][@B37]\]

When the effect of teriparatide and risedronate on back pain was investigated, there was no difference in reduction of pain numeric scales in one study.\[[@B35]\] However, patients receiving teriparatide had greater skeletal benefit than those receiving risedronate. In contrast, the other study showed significant reduction of pain numerical scale within 8 or 12 weeks after trauma.\[[@B36]\]

No difference in the incidence of adverse events was noted in all of studies.

DISCUSSION
==========

Osteoporotic fractures have gained increased attention in terms of poor functional recovery, complicated comorbidities, and high economic burden.\[[@B38][@B39]\] Despite advances in surgical technique and implant design, age-related decreases in bone regenerative capacities and poor bone stock remains problematic.\[[@B33]\]

Substantial efforts to improve fracture healing yielded further medication such as bisphosphonates, bone morphogenetic proteins, and PTH.\[[@B18][@B37][@B40]\] In particular, a potential impact of PTH on human fracture repair was demonstrated in various animal and human studies.\[[@B16][@B18][@B37][@B41][@B42][@B43][@B44]\] In an animal model with two hundred and seventy male Sprague-Dawley rats undergoing closed femoral fractures, daily administered PTH (1-34)-treated group showed significant increases over the controls with respect to torsional strength, stiffness, bone mineral content, and cartilage volume by day 21.\[[@B41]\] Andreassen et al.\[[@B45]\] compared the effect of intermittent PTH 1-34 on fracture healing in 2 to 3-month-old rats with aged (21-month-old) rats. This study noted that a reduction in the number of osteoprogenitor cells and/or a diminished rate of maturation of pre-osteoblasts to osteoblasts is correlated with old age and questioned whether older animals would respond to PTH as robustly as younger animals. Their findings showed that both old and young PTH-treated animals had achieved maximum callus volumes by day 21 after fracture and PTH enhanced ultimate load of the fractures by 160% at 21 days of healing and by 270% at 56-days, in comparison with controls.

Clinical evidences for the use of teriparatide in fracture healing were searched on recent 2 meta-analysis articles. Lou et al. \[[@B46]\] identified 5 RCTs (251 patients) comparing teriparatide to placebo, no treatment, or comparator interventions in the osteoporotic patients. Patients treated with teriparatide therapy had a significant shorter healing time compared with those in the control group. Stratified analysis showed that the lower limb group had significant shorter healing time, but upper limb group did not. However, the other meta-analysis recruiting a total of 380 patients from 5 RCTs yielded that there was no significant effectiveness with regards to time-to-union, union rate, and reduction in pain.\[[@B47]\] These data might be underpowered to detect any difference, considering limited number of the included studies. Interpretation also needs to be cautioned due to discrepancies in study design.

In current review, clinical trials or case-controlled studies on treatment of osteoporotic fractures using PTH were recruited, including 4 retrospective controlled series, 6 RCTs, and 1 retrospective post hoc subgroup analysis. The use of teriparatide yielded positive effects on radiographic bone healing in 6 studies, but was not associated with better radiographic outcome in 3. In terms of functional recovery, teriparatide injection was related with decrease in pain or shorter time to mobilization in 6 studies, but not related with pain numerical scale and mobility in 3. Our findings suggest that teriparatide provide selective advantages to fracture healing or functional recovery in the management of osteoporotic fractures. Teriparatide did not necessarily guarantee successful recovery of osteoporotic fractures. We think that there are many other factors that influence patients\' outcome. Moreover, in cases of surgically treated fractures, quality of surgery including anatomical approach, reduction techniques, and selection of fixation modality is prerequisite for obtaining successful healing. The use of teriparatide, thereafter, should be considered as one of supplemental options.

Some limitations should be described in this study. Although we extracted data only from well controlled studies, interpretation needs to be cautioned. Two RCTs designed the control regimen as not placebo, but risedronate.\[[@B30][@B35]\] A trial on pubic bone fracture had some methodological shortcomings as the investigator was not independent upon determining whether or not to include a patient.\[[@B8]\] In a placebo-controlled trial showing enhanced fracture healing of distal radius, the primary outcome using the higher teriparatide dose was not significant.\[[@B28]\] A similar trial on proximal humerus fractures depended only on statement of radiologists.\[[@B34]\] Second, our findings were limited by heterogeneity of the study design, study population, fracture location, and primary measured outcome. There is still no consensus regarding which outcome variables should be evaluated, and when or how the measurement is done. Plain radiographs obtained at the selected intervals may be too crude for evaluation of fracture healing. Third, due to the limited available data, we included the evidence for PTH (1-84) in our analysis even if this drawback confined to only 1 clinical trial. Lastly, case series enforcing our evidence was not included. A series of 29 patients with unstable pertrochanteric fractures reported that rates of lag screw sliding, femoral shortening, and varus collapse were all reduced in the teriparatide-treated group.\[[@B48]\]

In conclusion, the effect of teriparatide on fracture healing and functional recovery of osteoporotic patients remains uncertain. However, there was no evidence that the use of teriparatide had been harmful in management of osteoporotic fractures and no difference in the incidence of adverse events in all of included studies. A better understanding of the role of teriparatide on fractures healing requires greater evidences from large volume prospective studies. According to their results, further studies regarding different dosage, regimen, and treatment period may be investigated in the near future. Teriparatide is still an attractive option that may contribute to fracture healing and functional recovery in osteoporotic fracture patients.
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###### Summary of the published studies with intermittent parathyroid hormone administration in osteoporotic fractures
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PTH, parathyroid hormone; RCT, randomized clinical trial; TPTD, teriparatide; Ca, calcium; Vit D, vitamin D; CT, computed tomography; VAS, visual analog scale; TUG, Timed Up-and-Go; SF-12, short-form 12 health survey; DASH, disabilities of the arm, shoulder, and hand; PRWE, patient-related wrist evaluation.

###### Key results of the published studies
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TPTD, teriparatide; VAS, visual analog scale; TUG, Timed Up-and-Go; PRWE, patient-related wrist evaluation; DASH, disabilities of the arm, shoulder, and hand.
